Objectives. Comprehensive analyses of cause-specific death patterns in GCA are sparse. We studied the patterns and time trends in GCA-related mortality using a large death certificate database.
Introduction
GCA is a rare vasculitis of the aorta and its branches that affects individuals 550 years old, and more commonly females and people of northern European background. The aetiology of GCA is unknown. First-line treatment relies on glucocorticoids for 1824 months, although the frequently relapsing disease course often requires maintaining glucocorticoid therapy for longer periods and sometimes the addition of cytotoxic or biologic agents. The most feared complications are blindness due to optic ischaemic neuropathy and aortic aneurysms [1, 2] , but also side effects of long-term immunosuppressive therapy [3] .
Questions remain on the impact of a GCA diagnosis on survival. Current data suggest that a GCA diagnosis only marginally increases the overall mortality as compared with the general population [4] . However, these data do not preclude that risk of cause-specific deaths with GCA may differ from that in the general population. Results of several studies indicate that GCA is associated with increased mortality due to cardiovascular disease [5, 6] or infections [7, 8] . Cohort studies, which are generally small because of the rarity of GCA, do not allow for comprehensive analysis of the cause-specific mortality risks in GCA. In contrast, death certificate databases provide the opportunity to generate quantitative and qualitative data on the mortality of given illnesses in large populations and for long time periods. In particular, multiple-cause-ofdeath analysis, which takes into account both underlying and non-underlying causes of death (UCD and NUCD, respectively) reported in death certificates, enables powerful analysis of death patterns of diseases [9] .
We performed a multiple-cause-of-death analysis of the French national death certificate database to describe the temporal and demographic characteristics of mortality in GCA and to study the cause-specific mortality patterns associated with GCA.
Methods

Data sources
The French Epidemiological Center for the Medical Causes of Death (Cé piDc) has compiled nationwide information on causes of death since 1968. For each death occurring on French territory, a physician mandatorily completes a two-part death certificate. The certificate gathers a ranked list of 'diseases directly related to the morbid process leading to death' (part 1) and 'other significant conditions contributing to the death, but not related to the diseases or conditions reported in part 1' (part 2). Among the conditions listed in part 1, the Cé piDC assigns a single UCD to each death according to internationally adopted rules; all other conditions listed in either part are considered NUCDs. The UCD and NUCDs are coded according to the 9th and, since 2000, the 10th revisions of the International Classification of Diseases (ICD-9 and ICD-10, respectively). The process of coding the causes of death and selecting the UCD was performed manually by experienced coders until 2000 and thereafter automatically with the coding software Styx [10] . Data on the number of decedents with a specific UCD or NUCD code, aggregated by calendar year, sex and age, have been stored in a computerized database since 1979. In addition to the aggregate data, since 2000, the Cé piDc database has stored detailed information on UCDs and NUCDs of decedents at the individual level.
For the period 19802011, we retrieved data on GCAassociated deaths defined as death certificates that contained the ICD-9 code 446.5 or the ICD-10 codes M31.5 or M31.6 as UCD or NUCDs. Data were obtained as number of decedents aggregated by calendar year, sex, 10-year age groups (5564, 6574, 7584, 8594, 595 years) and GCA code position as UCD or NUCD. For all death certificates from 2000 onward, we additionally extracted the multiple-cause-of-death data with individuallevel information on each GCA-associated death. The same information for the general population was obtained from the Cé piDc website [11] or specifically extracted from the Cé piDc database.
Data extraction concerned exclusively mainland France, because complete data from overseas France was available only since 2000. For all analyses, we used only the data from decedents 555 years old; the 55-year cut-off (rather than 50 years) was chosen to comply with the age-group categorization for aggregated data in the Cé piDc database. In accordance with the French policy, no specific ethical approval was required for our study, which used aggregated or anonymized data.
Descriptive analyses
Annual death rates for GCA were computed for 19802011 by using as a denominator the size of the mainland French population [12] . Rates were sex-and age-standardized by the direct method, with the European population as a reference [13] . Death rates were computed for all GCA decedents combined and by sex, age groups and GCA as UCD or NUCD.
Mean age at death was calculated for each calendar year and across the entire 32-year period for GCA and for all-cause deaths in the general population and separately by sex. Because the original data were aggregated by age groups, we used the midpoint of each class interval as the values for age at death. To calculate mean age at death in the general population, we used the data restricted to deaths occurring with age 555 years. We used Spearman's correlation analysis to assess the trends of death rates and mean age of death over time.
Causes of death analyses
To investigate cause-specific death patterns in GCA, we computed standardized mortality odds ratios (SMORs) with 95% CIs for 17 selected medical conditions chosen by their frequent occurrence in the general population or because they were previously linked with GCA morbidity or mortality [58] . Because such analyses require information on the detailed UCDs and NUCDs listed on individual death certificates, this analysis was feasible for only Cé piDc data stored from 2000 onward. SMORs are calculated by using a simulated casecontrol study design in which the underlying disease (here: GCA) represents the exposure, and cases and controls represent the number of occurrences of deaths related to the cause under study and to an exposure-unrelated cause, respectively. In the context of our analyses, we chose external causes of morbidity and mortality (ICD-10 codes: V01Y98) as controls because they were deemed aetiologically unrelated to GCA. For both cases and controls, the non-exposed group was the number of deaths related to these causes in the general population. SMORs, which represent the ratio of odds of case and control death occurrences in the exposed (here: GCA) to the non-exposed (here: general population) groups, were derived by logistic regression analysis and were internally standardized by adding sex, age group and calendar year as covariates to the models [9] .
For the causes of death found in the primary analysis as highly common in GCA decedents or strongly associated with GCA, SMORs were calculated by age at death (<75 vs 575 years), sex and calendar period (200002, 200305, 200608 and 200911) . Interaction terms were added to the logistic regression models to test whether SMORs significantly varied between subgroups. In addition to the multiple-cause-of-death analysis, we performed a sensitivity analysis by calculating SMORs for the 17 selected causes of death by considering only the death causes listed as UCD for people with GCA and from the general population.
Statistical principles and software
Categorical variables are presented as number (%) and were compared by Chi-square test. Continuous variables are presented as mean (S.D.) and were compared by Student's t-test or MannWhitney U test depending on the normality of the variables assessed by the ShapiroWilk test. The significance threshold for P-values was set at 0.05. SMORs were considered statistically significant if the 95% CI did not include 1. Statistical analyses involved use of R 3.2.0 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Death rates and age at death (period 19802011) Among 14 927 440 deaths recorded, 15 020 death certificates listed GCA as a cause of death. In all, 24 death certificates referred to decedents <55 years old; therefore, the analyses pertained to 14 996 death certificates for decedents 555 years old: 13 540 (90.29%), 10 174 (67.84%) and 9418 (62.80%) were for decedents 575 years old, females and GCA listed as NUCD, respectively. Fig. 1 plots the annual GCA death rates for the 32-year period for all people with GCA and by age group, sex and GCA listed as UCD or NUCD. The plots indicated a biphasic time course with an initial increase in death rate (per 100 000 inhabitants 555 years old) from 2.01 (year 1980) to 4.044.37 (period 19952000) and a subsequent decline to 2.11 (year 2011). With the peak rate of 4.37 for 1997 used as a break point, Spearman's rank correlation indicated a significant increase during 198097 (Spearman's r: 0.967; P < 0.0001) and a significant decrease during 19982011 (Spearman's r: À0.916; P < 0.0001). Closely similar bell-shaped patterns were seen in subgroups. The annual death rate across the entire 32 years was 3.16 (95% CI: 3.11, 3.21).
For decedents with GCA, the mean age at death was 83.2 (2.3) years; for women and men, the mean age was 83.9 (2.3) and 81.8 (2.2) years, respectively. The comparative age values for the general population were 79.1, 82.0 and 76.0 years and were significantly lower than for decedents with GCA (P < 0.0001 for all three comparisons). The mean age at death was 83.7 (2.3) and 83.0 (2.5) years for decedents with GCA recorded as UCD and NUCD, respectively. When restricting the analysis to decedents 575 years old, the mean age at death was 84.9 (1.7) for decedents with GCA and did not differ from the mean age at death of 85.0 years for the general population (P = 0.47).
Fig. 2 plots the time trends of mean age at death for decedents with GCA and general population decedents 555 years old: the mean age increased from 79.6 and 77.4 years old in 1980 to 86.2 and 80.7 years old in 2011. Spearman's correlation showed increasing trends of mean ages at death by calendar year in decedents with GCA and general population decedents (Spearman's r: 0.980 and 0.966; P < 0.0001 for both analyses). During the 32-year period, the difference in mean age at death between decedents with GCA and general population decedents increased significantly over time (Spearman's r: 0.958; P < 0.0001).
Causes of death and SMORs (period 200011)
We analysed 6313 GCA-related death certificates with individual multiple-cause-of-death data for the period 200011, all referring to decedents 555 years old; 5917 (93.73%), 4417 (69.97%) and 4427 (70.12%) corresponded to decedents 575 years old, females and death certificates listing GCA as NUCD, respectively. The The panels show mortality rate plots for all decedents combined and separately for those with GCA coded as an underlying and non-underlying cause of death (UCD and NUCD) in death certificates (A), and by sex (B) and age groups (C).
https://academic.oup.com/rheumatology number of total death certificates registered for mainland France during 200011 was $5.7 million. Table 1 shows the 17 selected causes and conditions of death and their respective crude frequencies in decedents with GCA and in the general population. Among people with GCA, the five most commonly listed UCDs or NUCDs were other forms of heart disease (32.76% of death certificates), hypertensive diseases (20.78%), ischaemic heart diseases (16.54%), cerebrovascular diseases (14.97%) and influenza and pneumonia-other acute lower respiratory infections (12.57%). Of note, deaths related to aortic aneurysm and dissection or non-rheumatic aortic valve disorders were listed in only 1.85 and 2.33% of death certificates, respectively.
The corresponding SMORs are in Table 1 . The five highest SMORs, all statistically significant, were found for aortic aneurysm and dissection (SMOR: 3.09), hypertensive diseases (SMOR: 2.22), diabetes mellitus (SMOR: 1.96), certain infectious and parasitic diseases (SMOR: 1.76) and non-rheumatic aortic valve disorders (SMOR: 1.68). In contrast, the SMOR for malignant neoplasms showed significantly decreased risk (SMOR: 0.52). Therefore, we additionally calculated SMORs for the four sites of neoplasms with the highest incidence and mortality in France, namely breast, colorectal, lung and prostate cancer [14] . We found SMORs significantly lower than 1 for malignant neoplasms of digestive organs (ICD- Table 2 ). SMORs by time periods did not show variations over time in the association of GCA with the analysed causes of death (Table 3) . Table 4 shows the results of the sensitivity analyses with only UCDs as a cause of death considered; this analysis was carried out on the subset of 4427 death certificates that listed GCA as NUCD. The results were highly consistent with those produced by the multiple-cause-of-death analysis.
Discussion
We analysed the multiple causes of death for approximately 6300 French death certificates that mentioned GCA as an UCD or NUCD. As compared with French general population data, the age-, sex-and period-adjusted risk of dying from aortic aneurysms, other cardiovascular diseases and potentially treatment-related co-morbidities was increased with GCA listed on death certificates. Analysis of the entire $15 000 death certificates mentioning GCA over a 32-year period showed that age at death was not earlier for decedents with a mention of GCA than in the general population 555 years old. This result adds support to the notion that a diagnosis of GCA does not negatively affect life expectancy of the general population, although it cannot be interpreted as an indication that a diagnosis of GCA has no impact on an individual's health prognosis.
The finding that aortic aneurysms and dissection yielded a high SMOR of 3.09 in GCA is not unexpected in light of the reported 2-to 17-fold higher incidence of thoracic aortic aneurysm or dissection with GCA than in the general population [15, 16] . Although not directly comparable [17] , similar estimates for deaths related to largevessel disease were reported from a nationwide study in Denmark that found a mortality rate ratio of 3.7 during the 2 years after GCA diagnosis [5] and from a retrospective US cohort study reporting a standardized mortality ratio of 2.6 [18] . However, aortic aneurysms or dissection as UCD or NUCD were reported in <2% of the analysed death certificates, which suggests large-vessel disease as an only minor cause of death in GCA. Non-rheumatic aortic SMOR calculations used the general population 5 55 years old as the non-exposed group and deaths related to 'external causes of morbidity and mortality' as the control group. a P-values refer to the effect of the interaction between GCA and sex or GCA and age group. ICD-10: International Classification of Diseases, 10th revision; SMOR: standardized mortality odds ratios.
https://academic.oup.com/rheumatology valve disorders, which may also signify dilation of the ascending aorta, were also rarely listed.
Deaths related to ischaemic heart and cerebrovascular diseases were less strongly associated with GCA, with SMORs of 1.45 and 1.23, respectively, but were listed in 17 and 15% of death certificates. These results corroborate cohort studies and meta-analyses indicating GCA to be associated with increased risk of coronary artery disease [1922] , myocardial infarction [23] and cerebrovascular disease [19, 21, 2325] , and death from cardiovascular diseases [5, 6] . Our finding that excess cardiovascular mortality appeared to be increased in the younger age group of people with GCA, which has been reported previously [6, 26] , could agree with the more widespread vessel involvement observed with young age at GCA diagnosis [27, 28] . Thus, whether the cardiovascular excess mortality with GCA takes into account vessel inflammation, pre-existing arteriosclerosis, therapy toxicity or several of these factors that act in combination or sequentially over the course of the disease is unknown [29] . Data for RA suggest the systemic inflammatory response as the main driver in cardiovascular disease [30] , but glucocorticoids also promote the incidence and progression of atherogenesis [31] . Of note, our study showed an increased reporting of diabetes, hypertension and infection in death certificates also mentioning GCA, which highlights the untoward effects of immunosuppressive therapy on GCA mortality. Strikingly, we found a SMOR of 0.52 for deaths related to solid neoplasms in GCA, which closely agrees with the 2-fold lower risk of cancer deaths observed in a nationwide study in Denmark [5] . The lower-than-expected cancer mortality in GCA in our study could imply a wellknown bias of multiple-cause-of-death analysis due to the lesser reporting of co-morbidities in death certificates of people dying from conditions known for their high mortality [32] . Thus, this phenomenon cannot explain the similar observations in the Danish study, which relied on linkage of different registries [5] , nor the fact that we found reduced mortality for solid neoplasms overall but not haematological malignancies or prostate cancer. A potential reason for a truly reduced cancer mortality with GCA may include earlier detection and better cure of cancers in patients followed for a chronic illness. The lesser cancer mortality might also reconcile the observations that life expectancy in GCA is not substantially different from that in the population in general [4] despite the increased cardiovascular mortality.
The time trend of death rates over 19802011 showed a peculiar bell-shaped curve, with a peak for 19952000 and a subsequent steady decline. A study using Canadian administrative health data found the standardized mortality rates for GCA more than halved in 200512 as compared with 19972004 [33] . Which factors or interventions could have contributed to this steady improvement in survival in the 20 years is not known, and we did not find temporal changes in SMORs for the most common causes of deaths. Alternatively, the rise and fall in the death rates we observed could also reflect temporal changes in the recognition or true incidence rates of GCA. Indeed, findings from several recent population-based studies suggest that incidence rates of GCA, previously described as increasing [34] , have plateaued [35] and even declined since the 1990s [26, 36, 37] .
Limitations of our study are related to the declarative nature of information reported in death certificates, which makes it vulnerable to selection and other biases [38] . As compared with an earlier annual incidence estimate of 9/100 000 people 550 years old reported from France [39], the observed annual death rate of 3.16/100 000 people indicates that our analyses may have captured less than half of all cases of GCA. Thus, the consistency of our findings with those from other studies using different methodologies suggests no major selection bias, although we cannot exclude that our data might preferentially reflect the mortality associated with recently diagnosed or stillactive GCA. Another limitation of our study is the lack of clinical data in death certificates, which prevented investigation of previous indications of increased mortality in the first year after GCA diagnosis [5] or the subset of GCA patients with large-vessel manifestations [18] . Also, we recognize that our use of midpoints of 10-year age-class intervals for age at death calculations represent approximations of the exact values, even though this did not likely result in significant inaccuracies.
In conclusion, this comprehensive analysis of quantitative and qualitative aspects of GCA mortality should help guide the management of GCA. The low occurrence of lethal aortic complications must be kept in mind to devise the most cost-effective screening for GCA-related aortic disease. Studies are warranted to elucidate the mechanisms underlying the cardiovascular disease risk in GCA and whether glucocorticoid-sparing agents may reduce the cardiovascular and treatment toxicity-related burden in GCA. Potential temporal changes in GCA-associated mortality warrant further investigation and attention because they may hold important clues to the factors involved in the natural history of the disease.
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